Abstract-The effects of tritoqualine (TRQ) on established cell lines of fibroblasts, Balb/3T3 and 3T6, were investigated with respect to growth and collagen secretion. TRQ suppressed growth rate in the log phase and inhibited collagen secretion in the stationary phase of both cell lines. However, TRQ was not cytotoxic because of lack of influence on cell maintenance in the stationary phase.
Abstract-The effects of tritoqualine (TRQ) on established cell lines of fibroblasts, Balb/3T3 and 3T6, were investigated with respect to growth and collagen secretion. TRQ suppressed growth rate in the log phase and inhibited collagen secretion in the stationary phase of both cell lines. However, TRQ was not cytotoxic because of lack of influence on cell maintenance in the stationary phase. These effects of TRQ are thought to be very important as a mechanism of inhibitory action against liver fibrosis in chronic liver injury in rats.
We previously reported that TRQ adminis tration preventively and therapeutically im proved various parameters which represented abnormalities of hepatic function in rats chronically injured by carbon tetrachloride (CC14) (1, 2) . From these experiments, membrane stabilization and acceleration of hepatic function were suggested to be the main pharmacological effects of TRQ. In addition, the inhibitory action of TRQ against liver fibrosis was also revealed (2) . In order to investigate the possibility that TRQ suppresses the action of fibroblasts which participate in collagen biosynthesis in the liver, we studied the effect of TRQ on growth and collagen secretion in fibroblasts using established cell lines.
Two fibroblast cell lines established from mouse embryo, Balb/3T3 clone A31 (CCL 163) and 3T6 Swiss Albino (CCL-96), were obtained from Dainihon Seiyaku. Dulbeccos' MEM (Flow) supplemented with 10% pseudo fetal calf serum (Mitsubishi Chemical Ind. Ltd.) or with 10% fetal bovine serum (Flow) were used as the culture medium for Balb/3T3 or 3T6 cells, respectively. Following the method of Todaro and Green, both cells were subcultured at 37°C in 10% CO2 in air (3, 4) . The effects of TRQ were investigated in two cell stages, i.e., a log phase and a stationary phase. In the log phase of Balb/ 3T3 cells, 15 al of TRQ (supplied by Medichemie AG) dissolved in 0.1 N HCI was added to the culture medium on the day after inoculation at the density of 0.6x 105 cells/ 1.5 ml/ plate (9.6 cm2, Falcon). On the 2nd or 3rd day after TRQ addition, the culture medium was discarded, and the attached cells were harvested by treating with 0.1% Trypsin-0.05% EDTA (Flow). The viable cells from which trypan blue was excluded were counted by a hemocytometer chamber (Erma). In the stationary phase of Balb/3T3 cells, TRQ was added on the 4th day after the inoculation simultaneously with the medium exchange. On the 3rd day after TAO addition, the supernatant of the culture medium was separated by centrifugation, and the viable cells were counted. Incubation with TRQ was continued, and the medium was exchanged on the 7th day after TRQ addition. Collagen content in these supernatants were determined by measurement of hydroxy proline concentration according to the method of Bondjers and Bjorkerud (5). 3T6 cells were inoculated at 1.2x106 cells/plate. On the day after inoculation, TRQ was added to log phase cultures and incubated for 2 days. On the 3rd day after inoculation, TRQ was added to the stationary phase cultures simultaneously with the medium exchange and incubated for 3 days. The viable cell number and hydroxyproline concentration were measured as described above. Then various concentrations of TRQ were added to the culture medium and incubation was further continued.
In the stationary phase culture, the culture medium containing TRQ was replaced on the 3rd and 7th days after TRO addition. Viable cell numbers (A, B) and collagen secreted into the culture medium (C) were determined. Each point is the mean of three plates. +, *, **: Significantly different from the control (TRQ 0 pM) at P<0.1, 0.05 and 0.01, respectively. Key:
10 ,uM and (V----7) 20 pM of TRQ in the culture medium.
In order to investigate the effect of TRQ on prolylhydroxylase, the enzyme was prepared from chick embryo, and its activity was measured using (Gly-Pro-Pro)io as a sub strate according to the method of Rhoads and Udenfriend with slight modifications (6).
The effect of TRQ on Balb/3T3 cells is shown in Fig. 1 . It is known that the maximum rate of cell growth occurs during the 2nd and 4th days after inoculation in this cell line (3). First, TRQ suppressed dose-dependently the growth of cells in this log phase (Fig. 1A) . Collagen secretion was not detected (<1 nmoles/ml) in this phase. Second, in the stationary phase TRQ did not influence viable cell numbers, showing the non-cytotoxity of TRO (Fig. 1 B) . As shown in Fig. 1 C, the collagen secretion was continued for 14 days after subculture in the control cells; however, in the cells to which TRQ was added, collagen secretion was inhibited dose-dependently.
The effect of TRQ on 3T6 cells is shown in Table 1 . In the log phase, the cell growth of 3T6 cells was faster than Balb/3T3 cells, and the ability to secrete collagen of 3T6 cells was also higher. It was observed that TRQ strongly reduced growth and collagen secretion in this cell stage. In the stationary phase of 3T6 cells, TRQ showed a tendency to partially suppress collagen secretion without influence on viable cell numbers.
From these results, it was made clear that TRQ suppressed the growth rate of Balb/3T3 and 3T6 cells in log phase cultures. However, these suppression did not imply cytotoxic activity of TRQ, because TRQ did not influence the cell maintenance in stationary phase cultures of both cells. On the other hand, TRQ was revealed to inhibit collagen secretion which increased markedly in the stationary phase cultures of both cells. So this effect was suggested to be caused by specific inhibition of collagen production without cytotoxicity.
Since % inhibition of TRQ against prolylhydroxylase, an enzyme limiting the rate of collgen production, was less than 1 1 % at concentrations of 3.3-33 a M, the action point of TRQ might be derived from inhibition of collagen secretion, not bio synthesis inhibition.
We have previously shown that liver fibrosis was accompanied by increase in the numbers of mast cells (7). The possibility that mast cells play an important role in the acceleration of fibrosis in the liver has been pointed out by other reseachers (8). According to Boucek or Russell, histamine accelerated collagen biosynthesis of fibro blasts (9, 10). It was revealed that TRQ strongly inhibited histamine release from mast cells and gradually reduced the response of mastcytoma P-81 5 cells to compound 48/80 (11). Thus reduction of growth and response Table   1 .
Effect of TRQ on 3T6 cells of mast cells was suggested to be one of the causes of strong suppression of liver fibrosis by TRQ in the CC14-induced chronic liver injury model in rats (2) . However, from the present experiment, TRO was proved to suppress cell growth and to inhibit collagen secretion from fibroblasts directly. Therefore, it is thought that the suppression of growth and collagen secretion of fibroblasts in liver is also very important as a mechanism of the inhibitory action of TRQ on liver fibrosis in chronic liver injury in rats.
